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(£) Semiconductor device. 

semiconductor device comprises a semicon- 
ductor substrate (31), a first insulation film (33) 
formed on the semiconductor substrate, a metal film 
(35) for forming a bonding pad on the first insulation 



35 36 



film, and a second Insulation film (36) which is 
formed between the first insulation film and the 
bonding pad and which is stiffer than the first insula- 
tion film. 
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SEMICONDUCTOR DEVICE 



The present invention relates to. an improve- 
ment in electrodes of a semiconductor device in 
which a copper type wire is used as a bonding 
wire. 

Generally, in a high-frequency semiconductor 
device, an integrated circuit and the like, an elec- 
trode is formed of aluminum. The aluminum allows 
a bonding pad to be formed on an oxide film on a 
silicon substrate. 

Fig. 1 is a cross-sectional view showing a con- 
ventional semiconductor device. 

In Fig. 1, element 13 having a PN junction, 
such as a transistor, is formed in the surface region 
of silicon substrate 11. Oxide film 12 is formed on 
silicon substrate 11 and has contact hole 14 for 
extracting an electrode. Aluminum electrode 15 is 
thus extracted through contact hole 14 and allows a 
bonding pad to be formed on oxide film 12. 

The above-described configuration of the con- 
ventional semiconductor device has a drawback 
wherein a stress locally concentrates directly under 
the bonding pad. 

As illustrated in Fig. 2, semiconductor chip 16 
including the above-described configuration of the 
conventional semiconductor device is mounted on 
lead frame 17. Aluminum electrode 15 is thus con- 
nected to an external lead by copper type wire 18 
made of copper, copper alloy or the like. Since the 
wire is stiff enough to be used as a bonding wire 
aluminum electrode 15 is bent to be connected to 
the external lead. In the conventional semiconduc- 
tor device, semiconductor chip 16 is greatly 
damaged and crack 19 is easy to occur in oxide 
film 12 directly under the bonding pad or even in 
silicon substrate 11 under oxide film 12. 

If crack 19 occurs in oxide film 12. an insula- 
tion state cannot be maintained, and a leak or a 
short circuit is caused between electrodes. 

It is accordingly an object of the present inven- 
tion to provide a semiconductor device which pre- 
vents a stress from locally concentrating directly 
under a bonding pad to eliminate damage caused 
from bonding of a copper type wire. 

To attain the above object, a semiconductor 
device according to one aspect of the present 
invention comprises: 
a semiconductor substrate; 

a first Insulation film formed on a semiconductor 
substrate; 

a metal film for forming a bonding pad on the first 
insulation film; and 

a second insulation film, which is formed between 
the first insulation film and the bonding pad and 
which is stiffer than the first insulation film. 

A semiconductor device according to another 



aspect of the present invention comprises: 
a semiconductor substrate; 

a first insulation film formed on the semiconductor 
substrate; 

5 a metal film for forming a bonding pad on the first 
insulation film; 

a second insulation film which is formed between 
the first insulation film and the bonding pad and 
which is stiffer than the first insulation film; and 
10 a bonding wire connected to the bending pad. 

A semiconductor device according to still an- 
other aspect of the present invention comprises; 
a semiconductor substrate on which a semiconduc- 
tor element is formed; 
75 a first insulation film having a contact hole in a 
predetermined region thereof; 
a metal film connected to the semiconductor ele- 
ment through the contact hole, for forming a bond- 
ing pad on the first insulation film; and 
20 a second insulation film which is formed between 
the first insulation film and the bonding pad and 
which is stiffer than the first insulation fiim. 

This invention can be more fully understood 
from the following detailed description when taken 
25 in conjunction with the accompanying drawings, in 
which: 

Fig. 1 is a cross-sectional view showing a con- 
ventional semiconductor device; 
Fig. 2 is a cross-sectional view showing a semi- 
ao conductor chip including the conventional semi- 
conductor device shown in Fig. 1, in which a 
copper type wire is used as a bonding wire; 
Fig. 3 is a cross-sectional view showing a semi- 
conductor device according to an embodiment 
as of the present invention; and 

Fig. 4 is a cross-sectional view showing a semi- 
conductor chip including the semiconductor de- 
vice shown in Fig. 3, in which a copper type 
wire is used as a bonding wire. 
40* A semiconductor device according to an em- 
bodiment of the present invention will be described 
in detail with reference to the accompanying draw- 
ings. The elements common to all the drawings are 
denoted by the same reference numerals to avoid 
45 repeating the descriptions of the same elements. 

Fig. 3 is a cross-sectional view showing a 
semiconductor device according to an embodiment 
of the present invention. 

in Fig. 3, element 32 having a PN junction is 
so formed in the surface region of silicon substrate 31. 
Oxide film (first insulation film) 33 such as an Si0 2 
film is formed on silicon substrate 31. Contact hole 
34 for extracting an electrode is formed in oxide 
film 33. Aluminum electrodes 35 is thus extracted 
through contact hole 34 and allows a bonding pad 
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to be formed. Silicon compound 36 such as SisN* - 
(second insulation film), which is stiffer than oxide 
film 33, is formed between the bonding pad and 
oxide film 33. 

Fig. 4 is a cross-sectional view showing a 
semiconductor chip including the semiconductor 
device shown in Fig. 3, in which a copper type wire 
is used as a bonding wire . 

In Fig. 4, semiconductor chip 37 on which the 
semiconductor device shown in Fig. 3 is mounted 
on lead frame 38. Lead frame 38 is then heated at 
200 to 450" C and copper type wire 39 is bonded 
to the bonding pad of semiconductor chip 37 by 
thermocompression bonding or vibration 
(ultrasound). 

When copper type wire 39 is bonded to the 
bonding pad, ball 39a of wire 39 and aluminum 
electrode 35 serving as a bonding pad are de- 
formed, which causes a shock in a lower portion of 
the bonding pad. Since silicon compound 36, which 
is stiffer than oxide film 33, is formed directly 
under the bonding pad to which wire 39 is bonded, 
a stress can be prevented from locally concentrat- 
ing directly under the bonding pad and thus a 
shock can be reduced. 

Conventionally, 5 to 30 percent of manufac- 
tured semiconductor devices had defects of leak- 
age and defects in withstand voltage as initial char- 
acteristics. In the present invention, the rate of 
semiconductor devices having such defects can be 
decreased below 0.01 %. It is turned out from a 
high-temperature shelf test and a heat cycle test 
that the semiconductor device of the present inven- 
tion has ten times as long duration of time as the 
conventional device has. 

A method of manufacturing a semiconductor 
device according to the present invention will be 
described with reference to Rg. 3. 

First, oxide film 33 is formed on silicon sub- 
strate 31 in which element 32 is formed, and con- 
tact hole 34 is formed in a predetermined region of 
oxide film 33. Silicon compound 36 is then depos- 
ited on oxide film 33 by the LPCVD method and is 
patterned by the PEP (photo etching process). 
After that, aluminum is deposited on silicon com- 
pound 36 and then patterned to form aluminum 
electrode 35 having a bonding pad. 

To increase the step coverage of aluminum 
electrode 35, it is effective to form an oxide film on 
silicon compound 36 by the CVD method. 

It is preferable that the thickness of silicon 
compound 36 formed directly under the bonding 
pad is within a range capable of obtaining an effect 
of reducing a shock caused by bonding of the 
bonding wire. 

It silicon compound 36 is a nitride film, it is 
desirable that the thickness of the nitride film is at 
least 500 A and it is the most effective that the 



thickness ranges from 1000 to 3000 A. 

In the above embodiment, a nitride film such 
as SisN* is used as compound 36 for reducing a 
shock formed directly under the bonding pad. In- 
5 stead of the nitride film, a compound which is 
stiffer than oxide film 33 can be used. Even if a 
nitrogen compound such as SiON, carbide such as 
silicon carbide (SiC) ( or a silicon compound includ- 
ing both the nitrogen compound and the carbide, is 
70 used, the same effect can be obtained. 

It is needless to say that the present invention 
can be applied to all semiconductor elements as 
well as transistors, diodes and IC elements. 

Reference signs in the claims are intended for 
75 better understanding and shall not limit the scope. 

Claims 

20 1 . A semiconductor device comprising: 
a semiconductor substrate (31); 
a first insulation film (33) formed on said semi- 
conductor substrate; 

a metal film (35) for forming a bonding pad on said 
25 first insulation film; and 

a second insulation film (36) which is formed be- 
tween said first insulation film and said bonding 
pad and which is stiffer than said first insulation 
film. 

30 2. A semiconductor device according to claim 1, 
characterized in that said second insulation film 
(36) is a silicon compound. 

3. A semiconductor device according to claim 1, 
characterized in that said second insulation film 

35 (36) has a thickness of 500 A or more. 

4. A semiconductor device according to claim 2, 
characterized in that said silicon compound con- 
tains nitrogen. 

5. A semiconductor device according to claim 2, 
40 characterized in that said silicon compound con- 
tains carbon. 

6. A semiconductor device comprising: 
a semiconductor substrate (31); 

a first insulation film (33) formed on said semicon- 
45 ductor substrate; 

a metal film (35) for forming a bonding pad on said 
first insulation film; 

a second insulation film (36) which is formed be- 
tween said first insulation film and said bonding 
so pad and which is stiffer than said first insulation 
film; and 

a bonding wire (39) connected to said bonding pad. 

7. A semiconductor device according to claim 6, 
characterized in that said second insulation film 

65 (36) is a silicon compound. 

8. A semiconductor device according to claim 6, 
characterized in that said second insulation film 
(36) has a thickness of 500 A more. 
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9. A semiconductor device according to claim 6, 
characterized in that said bonding wire (39) is 
made of one of copper and an allov containinn 
copper. 

10. A semiconductor device according to claim 7, 
characterized in that said silicon compound con- 
tains nitrogen. 

11. A semiconductor device according to claim 7, 
characterized in that said silicon compound con- 
tains carbon. 

12. A semiconductor device comprising: 

a semiconductor substrate (31) on which a semi- 
conductor element (32) is formed; 
a first insulation film (33) having a contact hole (34) 
in a predetermined region thereof; 
a metal film (35) connected to said semiconductor 
element through said contact hole, for forming a 
bonding pad on the first insulation film; and 
a second insulation film (36) which is formed be- 
tween said first insulation film and said bonding 
pad and which is stiffer than said first insulation 
film. 

13. A semiconductor device according to claim 12, 
characterized in that said second insulation film 
(36) is a silicon compound. 

14. A semiconductor device according to claim 12, 
characterized in that said second insulation film 
(36) has a thickness of 500 A or more. 

15. A semiconductor device according to claim 13, 
characterized in that said silicon compound con- 
tains nitrogen. 

16. A semiconductor device according to claim 13, 
characterized in that said silicon compound con- 
tains carbon. 
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FIG. 1 
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© A semiconductor device comprises a semicon- 
ductor substrate (31), a first insulation film (33) 
formed on the semiconductor substrate, a metal film 
(35) for forming a bonding pad on the first insulation 

35 36 



film, and a second insulation film (36) which is 
formed between the first insulation film and the 
bonding pad and which is stiffer than the first insula- 
tion film. 
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